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Driving Force for Microstructural Changes 

Induced by MeV Ion Irradiation in Solids
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1. Nuclear energy deposition:

Elastic collision, damage cascades

2. Electronic energy deposition:

Electron excitation, ionization

3. Electron-phonon coupling:

Heat production, temperature 

increase



Emulation of Microstructural Features Using 

MeV Ion Irradiation and Thermal Annealing
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Benefits:

J Accurate dose for emulation of material age

J Accurate temperature for emulation of the location inside 

the material with a temperature gradient

J Minimum or no radiological activation for immediate 

release and characterization of irradiated materials.

J Implantation of impurity species into a pre-existing 

structure without thermal constraints.

J Fast emulation of structural features within hours to days

J Low cost

Limitations:

L High dose rate

L Possible temperature shift



MeV Ion Irradiation to Emulate High Energy 

Proton Irradiated High Power Target Materials

4

ü Irradiation damage in HPT materials starts from production 

of point defects, followed by their accumulation and 

interactions, leading to formation of defect clusters up to full 

amorphization.

üPoint defects are produced mainly by irradiation of 

spallation neutrons and ions, especially at low energies, 

which may be emulated by low energy ion irradiation.

üThe effects of temperature and its possible gradient in HPT 

materials may be emulated through post-irradiation thermal 

annealing at high temperatures, which may lead to 

formation of fractures and cracks.

üGas bubbles and solid state precipitates in HPT materials 

may be emulated by implanting the species.

üEach contributor may be emulated separately or in a 

combined way to some extent.



Proposed Procedure to Emulate High Energy 

Proton Irradiated High Power Target Materials
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ü To simplify data interpretation, start with highly oriented pyrolytic graphite (HOPG), pure 

light metals or model alloys without grain boundaries, pores or high-level impurities, 

followed by polycrystalline materials with increasing levels of material complexities.

ü Perform in-situ damage accumulation study of HOPG irradiated, for example, with H+ ions 

and self-ions (C+) as a function of dose and temperature.

ü Perform in-situ and ex-situ thermal annealing study of defect recovery and clustering.

ü Perform in-situ HIM irradiation study of microstructural evolution in polycrystalline graphite.

ü Perform microscopy study of HOPG and polycrystalline graphite implanted with H, He and 

non-gaseous spallation/transmutation species (e.g., Li) and annealed at high temperatures 

to emulate microstructures for study of various features, including polycrystallization, 

amorphization, shrinking/swelling, creep, Mrozowski cracks, gas bubbles, and precipitates.

ü Measure physical properties, including thermal conductivity, electrical conductivity, and 

mechanical strength.

ü Compare the emulated microstructures and properties with those of high energy proton 

irradiated graphite and develop a fundamental understanding of the structure-property 

relationships, which may help assess and predict material performance.



Fundamental Processes of Ion-Solid 

Interactions in the MeV Energy Range
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Ion Channeling and RBS/C
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From L. C. Feldman, et al., 

ñMaterials Analysis by Ion Channelingò
RBS/C and random spectra for 6H-SiC



Disorder Accumulation in g-LiAlO2 at 573 K
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ÅDisorder on the Al sublattice saturates at levels of 0.3 and 0.5.

Å No full amorphization occurs at the highest applied dose of 1 dpa.



Effect of Irradiation Temperature on 

Disordering Rate
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temperature due to simultaneous recovery



Thermal Recovery of Defects on Both Si and 

C Sublattices in Irradiated SiC
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20-min Isochronal Anneals

Similar recovery stages (I, II, III) on both Si and C sublattices 
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Li and H Out-diffusion in H+ Irradiated g-LiAlO2
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ÅMaterial decomposition, Li diffusion and loss during irradiation

Å H diffusion and release during thermal annealing

During H+ Implantation During Thermal Annealing


